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Progress in CFD and the availability of new composite materials are driving major 
advances in the design of aerospace engine components which now have highly complex 
geometries optimized to maximize system performance.  However, shape complexity poses 
significant challenges to traditional NDE methods whose sensitivity and selectivity rapidly 
decrease as surface curvature increases.  Additionally, new aerospace materials typically exhibit 
an intricate microstructure that further complicates the inspection.  In this context, an attractive 
solution is offered by combining ultrasonic phased array (PA) technology with immersion 
testing.  Here, the water column formed between the complex surface of the component and the 
flat face of a linear or matrix array probe ensures ideal acoustic coupling between the array and 
the component as the probe is continuously scanned to form a volumetric rendering of the part.  
While the immersion configuration is desirable for practical testing, the interpretation of the 
measured ultrasonic signals for image formation is complicated by reflection and refraction 
effects that occur at the water-component interface.  To account for refraction, the geometry of 
the interface must first be reconstructed from the reflected signals and subsequently used to 
compute suitable delay laws to focus inside the component.  These calculations are based on ray 
theory and can be computationally intensive. Moreover, strong reflections from the interface can 
lead to a thick dead zone beneath the surface of the component which limits sensitivity to 
shallow subsurface defects.  This paper presents a general approach that combines advanced 
computing for rapid ray tracing in anisotropic media with a 256-channel parallel array 
architecture that enables the full-volume inspection of complex-shape components.  
Experimental results are provided for specimens of increasing complexity relevant to aerospace 
applications such as fan blades and spacers.  It is shown that PA technology can provide a robust 
solution to detect a variety of defects including porosity and waviness in composite parts. 
 
